The past 12 years have witnessed an energetic investigation into the precise nature of the virus of typhus fever. From the earlier work of Nicolle and his associates, Anderson and Goldberger, and Ricketts and Wilder, to the recent efforts of a number of other investigators, the exact pathology of the disease in man and in the experimental animal has been defined, the carrier of the virus and the mode of its spread have been determined, and our knowledge of the action of the virus has been amplified.
During this period a number of bacteria have coincidentally been brought forward as the inciting agent of the disease; and the two for which certain proofs of relationship to typhus fever have been presented are the Rickettsia prowazeki of da Rocha-Lima I and the B. typhi exanthematici of Plotz. 2,s
The writer was led several years ago to the acceptance of the etiological relationship of Plotz' bacillus to typhus fever by the fact that he found specific antibodies against the organism in the blood of typhus patients; 4 that with it, it was believed, experimental typhus in guinea pigs had been induced 4 and that a similar bacterium was recovered from typhus-infected lice? ida Rocha-Lima, H., Arch. Schiffs-u. Tropen-ttyg., 1916 , xx, 17. 2Plotz, H., J. Am. i]/[ed. Assn., 1914 , lxii, 1556 . SPlotz, H., Presse rn~d., 1914 , xxii, 411. 4Plotz, H., Olitsky, P. K., and Baehr, G., J. Infect. Dis., 1915 , xvii, 1. 5Olitsky, P. K., Denzer, B. S., and Husk, C. E., J. Infect. Dis., 1916 With reference to the presence of specific antibodies, it was generally believed at the time the work was done that their demonstration was of the utmost importance in establishing an etiological relationship between an organism and the disease in which such antibodies were found. But during the 5 years which have passed, increasing knowledge has shed new light Oil the significance of specific antibodies and the nature of the typhus virus. Wilson 6 demonstrated that blood of typhus patients readily agglutinated intestinal, colon-like bacilli. More recently, Well and Felix 7 recovered proteus bacilli, termed by them B. proteus Xlo, from the urine of typhus patients which not only were agglutinated by the serum from these cases but also were agglutinated to an even higher degree than Plotz' bacillus. Furthermore, the agglutination with B. proteus, or, as this is commonly designated, the Weil-Felix reaction, corresponds not infrequently to an immunity reaction; that is, the agglutinins appear late in the disease, increase in concentration at the crisis, and persist for months (Oettinger, 8 Sampietro, 9 and others) . Complement-fixing, bacteriolyfic as well as precipitating antibodies against the proteus bacilli have also been observed in the blood of typhus patients. 1° Agglutinins were subsequently found for still other organisms. For example, Neukirch and Kreuscher n isolated from the stools of typhus patients a strain of B. pyoeyaneus which was agglutinated by the serum of typhus patients in a manner resembling the agglutination of B. proteus. Ficai t~ and others noted a similar reaction with Micrococcus melitensis. Werner and Leoneanu 13 and Sampietro 9 observed agglutinins for the typhoid bacillus.
Hence the question arises as to the significance of the antibodies against Plotz' bacillus occurring in the blood of typhus patients. 8Wilson, W. J., J. Hyg., 1909, lx, 332; 1910 , x, 155. 7Weil, E., and Felix, A., Wien. klin. Woch., 1916 , xxix, 974. SOettinger, W., Centr. Bakt., lte Abt., Orig., 1918 , lxxx, 304. 9Sampietro, G., Ann. ig., 1920 1°The literature on this subject is extensively reviewed by Zlocisfi, T., Ergebn. Hyg., 1920 , iv, 100. 11Neukirch, P., and Kreuscher, A., Beitr. Klin. Infektlonskrankh., 1920 , viii, 68. l~Ficai, G., Ann. ig., 1920 , xxx, 395 13Werner, H., and Leoneanu, E., Mi2nch. rned. Woch., 1918 With regard to the second point, that experimental typhus fever can be induced with Bacillus typhi exanthematici, doubt is cast upon this belief by later studies. As we have indicated in a previous paper# 4 four requisites determine experimental typhus fever: (a) induction of the typical disease through inoculation from animal to animal, indefinitely; (b) presence of the characteristic vascular lesions, especially in the brain; (c) absence of secondary infections with ordinary bacteria; and (d) development in recovered animals of immunity to subsequent injections of typhus virus. All these requirements should be fulfilled in a given case, since Friedberger 15 has shown that non-specific fevers which simulate experimental typhus fever can occur in guinea pigs. The four requirements have not been met in the experiments with the Plotz bacillus.
In respect to the third point, namely the isolation of an organism similar to the Plotz bacillus from typhus-infected lice, the subsequent demonstration of rickettsia bodies in this insect involves the question of their identity. From a purely morphological comparison, the assumption was made that Bacillus typhi exanthematici was identical with Rickettsia prowazeki of da Rocha-Lima;5 but the latter bodies have thus far resisted all efforts at artificial cultivation, including even the method of Plotz. 16
In this paper we shall describe the occurrence of concurrent infections among guinea pigs in the line of transmission of human and louse strains of a Polish typhus fever virus, which we obtained through the kindness of Dr. S. B. Wolbach, and of another human strain, which we have recovered from a Czecho-Slovak immigrant recently arrived at the Port of New York. These strains, described in a previous communication# 4 have been shown to be identical by crossimmunity tests.
Method.
The three strains of typhus virus were propagated in guinea pigs by means of the intraperitoneal injection of 3 cc. of the blood from an antecedent affected animal. The blood was obtained by cardiac 14 Olitsky, P. K., J. E~p. IVied., 1921 , xxxiv, 365. 15 Friedberger, E., Z. ImmuniRitsforseh., Orig., 1920 , xxix, 125. 18 Schultz, E. W., Am. 3". Med. Sc., 1921 puncture 1~ with a sterile needle and syringe previously washed in 50 per cent sodium citrate solution. Immediately before the next series of normal guinea pigs was injected with this blood, it was inoculated into various media, including the Plotz medium employed for the cultivation of Bacillus typhi exanthematlci, 4 the Smith-Noguchi anaerobic tissue medium, 18 human ascitic fluid with or without petrolatum, horse serum diluted 1 : 3 with saline solution, and 1 per cent dextrose broth with or without rabbit blood. In addition to the blood, the splenic tissue of the guinea pigs, cut in small fragments, was likewise subjected to cultivation in the same kinds of media.
Results of Cultivation.
The blood and splenic tissue of 58 guinea pigs in the line of transmission of the three strains of typhus virus were thus investigated. Different bacteria were found in 24 of the animals, either in the blood or in the spleen or in both. Table I summarizes the kinds of bacteria cultivated and the number of guinea pigs in which they were found. As the table shows, various bacteria were found in the cultures in 24, or 41 per cent, of the guinea pigs studied during the 17 Chloroform anesthesia was given the animals during the operation. Chloroform was employed instead of ether in order to prevent explosions while working near a Bunsen flame.
lSGates, F. L., and Olitsky, P. K., J. Exp. Med., 1921, xxxiii, 51. course of experimental typhus fever. The more frequent among these is an organism indistinguishable from Bacillus typhi exanthematici of Plotz. In two animals, however, this organism was found in the blood but not in the spleen, which yielded pure cultures of G~rtner type bacilli; in a third, the Plotz bacillus was found in the blood in conjunction with an anaerobic streptococcus. Finally, three guinea pigs which showed the Plotz organism in the spleen did not show it in the blood. The lack of regularity of occurrence of any of these microorganisms is further emphasized by an analysis of the stage of experimental typhus fever in which they were encountered. Thus the blood of the guinea pigs in the line of transmission of the typhus virus was taken and cultured during the period of incubation, and on the 1st, 2nd, 3rd, and 4th days of the fever.
Blood Cultures during the Incubation Period.
Nicolle and Blaizot 19 have demonstrated that the blood of a monkey injected with typhus virus is infective for other animMs 48 hours before the onset of fever; Doerr and Pick 2° showed that guinea pigs are infective 2 to 4 days after inoculation with virus. Our own experience indicates that the blood of inoculated guinea pigs is infective 4 days prior to the onset of fever, or about 3 to 5 days after inoculation. In any event, the material used ill the experiments summarized in Table II sufficed to induce typical experimental fever on injection into normal guinea pigs. It will be noted from this table that the blood of all the guinea pigs, seven ill number, taken on the 6th to 10th days after inoculation and before the onset of fever, ~1 failed to yield on culture any of the bacteria mentioned in Table I . Yet this Mood was virulent, for in each instance it was capable of reproducing in guinea pigs typical experimental typhus fever.
19Nicolle, C., and Blaizot, L., Arch. Inst. Pasteur Tunis, 1916, ix, 127. 2°Doerr, R., and Pick, R., Wien. klin. Woch., 1918, xxxi, 829 . 2Xln a series of over 100 guinea pigs, inoculated with typhus virus, which we have observed, the incubation period varied from 5 to 19 days, averaging 9 to 10 days. The febrile period, or continued temperature of 40°C., or higher, varied from 4 to 9 days, averaging 6 to 7 days.
In other words, typhus virus taken before the onset of fever in the experimental disease is free from admixture with any ordinary bacteria.
TABLE II.

Blood Cultures during the Incubation Period.
Period of incubation.
Results of culture, days 9 9 9 10 6 9 9
No growth.
g¢ c~ g¢ c~
Cultures of Blood and Spleen on the 1st Day of Fever.
In a series of twenty-six guinea pigs, cultures of the blood and spleen were made on the 1st day of fever. Table III summarizes the results of these cultures. The table shows that the conditions met with during the period of incubation of the virus have undergone a change. In six of the guinea pigs, or 23 per cent, the active blood or spleen, or both, yielded different kinds of bacteria. With the blood itself typical experimental typhus fever could be reproduced by transmission, ~2 excepting with that containing Bacillus proteus, although the characteristic lesions were found in the antecedent animals. Of the different bacteria encountered, the Plotz bacillus was more often met with than the others. The remaining twenty animals yielded none of these bacteria.
In the animals in which the G~trtner type bacilli, Bacillus proteus, and the staphylococci were found, the spleen was very much enlarged and was covered with a fibrinous exudate, while the remaining viscera and peritoneum were deeply congested. In the animals in which the other bacteria were encountered, the pathological picture was indistinguishable from that of typical experimental typhus fever. 14 22 In event of the virus showing ordinary bacteria, it can usually be freed from them by subcutaneous instead of intraperitoneal inoculation of guinea pigs. 
Cultures of Blood and Spleen on the 2nd Day of Fever.
In a series of sixteen guinea pigs, cultures of the blood and spleen were made on the 2nd day of the febrile reaction. The results of these cultures are given in Table IV. Table IV shows that the variety and number of bacteria encountered in association with the active blood and spleen become larger, in proportion to the duration of the fever. Indeed, 10, or 62.5 per cent, of the guinea pigs on the 2nd day of the fever yielded from the blood or spleen, or both, different bacteria, among which the Plotz bacillus and anaerobic streptococci were the ones most frequently found.
In this series, as in the previous one, the guinea pigs of which the blood or spleen yielded growths of staphylococci, bacilli of the G~trt-her type, and Welch's bacilli showed distinctive pathological effects such as fibrinous splenitis and congestion of the other organs; while those in which the other bacteria were found, exhibited merely the lesions of experimental typhus fever. 
Cultures of Blood and Spleen on the 3rd Day of Fever.
In a series of four typhus guinea pigs cultures of the blood and spleen were made on the 3rd day of the fever. The results of these cultures are tabulated in Table V which shows that on the 3rd day of the fever three of the four animals yielded on cultivation of the blood and spleen a variety of bacteria, among which were Bacillus typhi exanthematici of Plotz, G~irtner type bacilli, and anaerobic streptococci. Giirtner type bacillus. Anaerobic streptococcus.
None.
Cultures of Blood and Spleen on the 4th Day of Fever.
In Table VIa r~sum~ is given of the results of the cultures of the active blood and spleen made from four guinea pigs on the 4th day of the experimental disease. These cultures yielded from the blood and spleen bacteria; among which Staphylococcus aureus was found in the blood and spleen of two animals, Plotz' bacillus in the spleen but not in the blood of the third animal, and Bacillus proteus in the blood only of the fourth. Staphylococcus aureus.
B. proteus,
To sum up the results given in the tables, it may be stated that the typhus virus can be obtained during the period of incubation of the experimental disease free from admixture with any of the ordinary bacteria, while various bacteria are encountered during the febrile reaction, the variation in kind and the number becoming larger in proportion to the duration of the fever.
Pathogenicity Experiments.
It was noted that typhus guinea pigs in which Plotz' bacilli, anaerobic streptococci, aerobic diphtheroids, and Gram-posltive diplobacilli were encountered, showed the same pathological picture as that found in the animals with the experimental disease in which no bacteria were present. Our attention was therefore directed to the probable non-pathogenic nature of these microorganisms.
We proceeded to put this idea to an experimental test. For this purpose four different cultures of the Plotz bacillus in the SmithNoguchi medium were obtained from the blood of guinea pigs during the febrile reaction of the experimental disease. The bacterial content in 10 cc. of this medium after 7 days incubation was centrifuged, suspended in 4 cc. of saline solution, and inoculated intraperitoneally into four guinea pigs. No action was noted during a period of observation from 24 to 30 days. At the conclusion of this experiment the four guinea pigs were inoculated with the usual amount, namely 3 cc., of guinea pig blood containing typhus virus, two of the guinea pigs with the human strain of the Polish virus and two with the louse strain of the same virus. After an average period of incubation of 9 days all showed febrile reactions indicative of experimental typhus fever and the blood was found to be capable of transmitting the typical disease to other guinea pigs. Thus the cultures of Bacillus typhi exanthematici failed either to induce the experimental disease or to set up immunity to a subsequent injection of the typhus virus. The anaerobic streptococci, aerobic diphtheroids, and the Gram-positive diplobacilli tested in the same manner also failed.
DlSCUSSlO~ AND SUMUARY.
The work reported in this paper relates to the bacteria which can be cultivated from the blood and spleen of guinea pigs at different stages of infection with the virus of typhus fever.
The studies show that during the period of incubation and before the onset of fever no ordinary bacteria appear in the cultures, while on the 1st day of the febrile reaction different bacteria were found in 6 of 26 guinea pigs cultured; on the 2nd day, in 10 of 16; on the 3rd day, in 3 of 4; and on the 4th day in cultures of all of the 4 guinea pigs observed. The findings indicate that the virus of typhus fever is distinct from ordinary cultivable bacteria, and, as the disease set up by the virus progresses, the infected guinea pigs become subject to invasion by secondary or concurrent bacteria which thus induce a mixed infection.
The bacteria which under the influence of the virus of typhus fever thus invade the body of the guinea pig are of several kinds, and vary not only among themselves, but also with the day of the fever on which the examination is made. Thus, on the 1st day of the fever Plotz' bacilli were recovered twice and anaerobic streptococci, proteus bacilli, aerobic diphtheroids, G~rtner type bacilli, and Staphylococcus aureus each once. On the 2nd day Plotz' bacilli were found four times, anaerobic streptococci three times, G~irtner type bacilli, aerobic diphtheroids, Bacillus welchii, aerobic Gram-positive diplobacilli, and Staphylococcus aureus each once. Oll the 3rd day Plotz' bacilli were recovered once, as were anaerobic streptococci and G~rtner type bacilli. On the 4th day Staphylococcus aureus was found twice and Plotz' bacilli and Bacillus proteus each once.
This variation in the kind of bacteria as well as the lack of predominance of one kind over another during the different stages of the febrile reaction in guinea pigs leads us to infer that they occur concurrently with the typhus virus. And since the more unusual of these organisms, the Plotz bacillus, the anaerobic streptococcus, the aerobic diphtheroid, and the diplobacillus are non-pathogenic for guinea pigs, while the more common bacteria such as the G~rtner type bacillus, Welch's bacillus, the proteus bacillus, and the staphylococci induce distinctive effects, and since all the bacteria could be suppressed without their reappearance in guinea pig passages of the virus containing them, we believe that they are independent and unrelated to the true virus of typhus fever. CONCLUSION. In the early stages of experimental typhus fever in guinea pigs, the typhus virus can be obtained wholly free from admixture with any of the ordinary bacteria.
The body of the guinea pig reacting to the virus of typhus fever is readily invaded by a variety of bacteria whose presence complicates the typhus infection, but which have no etiological relation to the specific disease, typhus fever.
